Precipitation variability and land surface changes are the two primary factors that affect basin hydrology, and thus estimation of their impact is of great importance for sustainable development at a catchment scale. In this study, we investigated the long-term changes in precipitation and runoff, from 1961 to 2011, in the Yihe River basin by Mann-Kendall test. A new method of trend pattern was put forward and used to identify the trends of precipitation and runoff, which indicated that the basin had a decreasing trend in annual runoff. The change point occurred in the year 1985 dividing the long-term series into two periods. Precipitation elasticity and linear regression methods were used to quantify the impact of precipitation and land surface change on runoff and provided consistent results of the percentage change in an annual runoff for the postchange period. Use of these methods reveals that the reduction in annual runoff is mainly due to precipitation variability of 56.38-67.68% and land surface change of 43.62-32.32%, as estimated by precipitation elasticity and linear regression methods, respectively. Due to the rapid growth of urbanization, the land surface change increased from 1990 to 2010. The result of this study can provide a reference for the management of regional water resources.
Introduction
The runoff of some rivers in the world especially in the arid and semiarid areas has reduced remarkably due to human activities in the last decades. In addition to precipitation change, increases in land surface changes due to the growth of population such as deforestation, afforestation, and urban constructions have also altered the hydrological process, which leads to a change in the water cycle and affects the runoff [1] . Water resources managers and planners are looking for simple and easy methods to determine the contribution of precipitation and land surface change on runoff, which supports sustainable natural resources development, particularly in the catchment scale. The significant reduction in runoff is a strong indicator of influences of precipitation and land surface changes on the hydrological process of the catchment [2, 3] . Particularly in China, due to the variation in regional precipitation changes coupled with strong economic and industrial development during the past decades [4] , several researchers have paid attention to understand the impacts of precipitation and land surface change on the hydrological process. The runoff reduction in the arid and semiarid areas of China has brought severe difficulties in livelihood and ecology. As a result of the recent intensification of human activities, such as agriculture activities, deforestation, hydraulic projects, and soil and water conservation measures, considerable concentration has been given to assessing the impacts of land surface changes on runoff [5] . It has been an important scientific problem in hydrology to reveal the physical characteristics of the basin and trends of runoff change and their influencing factors. Furthermore, the impacts of precipitation and land surface change impacts vary from place to place and need to be identified for local scale.
Much research has been done on the runoff variations of different river basins across the world in the previous few years. According to characteristics of the watersheds, four aspects of studies on runoff changes can be recognized: (1) arid region, for example, quantifying the effects of climate variability and human activities on runoff for Kaidu River basin [6] ; (2) semiarid region, many studies discussing the influence of human activities on runoff in this region [7] [8] [9] [10] ; (3) humid region, for example, the studies on the assessment of climate change and human activities on runoff variation of the Huifa River basin [11] ; (4) semihumid region, for example, separating the effect of human activities using different time scale in the Zhang River basin [3, 12] .
Several methods have been used to assess the impacts of precipitation and land surface changes on the hydrological processes, but to date, no standard model has been developed. In the past, paired catchment experiment method was used to determine the impact of precipitation and land surface changes on the hydrological process. The experimental methods are time-consuming, expensive, and difficult to locate suitable controls [13] [14] [15] . On the other hand, physically based hydrological models, such as soil and water assessment tool, variable infiltration capacity model, the Xinanjiang model, and the HBV model, are always limited due to the time-consuming process of calibration and validation. These models also require extensive and complex dataset and have unpredictable output results, model parameters, and structure [16, 17] . According to methods, these studies could be divided into five categories: (1) time series analysis, for example, the studies on the changing trends and regime shift of streamflow in the Yellow River basin [5] ; (2) change point analysis, such as Mann-Kendall rank analysis used to assess the abrupt change in runoff from the Yellow River basin [18] ; (3) the rainfall-runoff relationship, for example, the assessment of runoff variation due to human activities in the middle reaches of the Yellow River [19] ; (4) statistical analysis, for example, a simple linear regression and multiple linear regression methods used to quantify the human activities on runoff variation in middle reaches of the Yellow River and the Laohahe basin in northern China [20, 21] ; (5) land use and land surface change impact on runoff variation assessed in West Liaohe River Basin and Yellow River basin [7, 22] .
However, it is often difficult to get a quantitative estimation of land surface change to runoff variation. The studies for this region found that runoff declined during period 1990-2000 as compared to period 1980-1990 [23] . Yao et al. [23] found that land surface change leads to reduced runoff in this region. This reduced runoff can cause a severe problem for the environment, the rivers, and estuary ecosystem, and socioeconomic systems. However, the study conducted by Yao et al. [23] focused on peak flow rather than hydrography altered by land surface changes. Further, it also did not quantify the impacts of variations in precipitation and land surface changes in the Yihe River basin. More importantly, the scientific community still expresses a different opinion on how land surface and precipitation variability vary regional water resources in the Yihe River. There is a need to update the knowledge of land surface change and hydroclimatic variables for different rivers, particularly large rivers to assist global as well as regional water resources management. There is a need to study the impact of precipitation and land surface change in the Yihe River basin using simple and easily applicable method. Moreover, some new statistical methods have been developed and used to quantify the impacts of precipitation and land surface changes on the hydrological process of the basin. Before application of these methods, time series data are divided into two periods by an advanced statically method (Pettit's test) and a graphical method, that is, the double mass curve method [21] .
The objectives of the present study are (1) to evaluate the new graphical method to determine the trends of low, medium, and high values of precipitation and runoff from the Yihe River basin, which is used for the first time in this region and (2) to develop the linear regression and statistical precipitation elasticity models to assess the impacts of precipitation and land surface changes on hydrological process of the Yihe River basin. This study will deepen our understanding of the runoff response to precipitation and land surface changes in this region, which is crucial for effective planning, management, and sustainable development of water resources in this regions. Table 1 for precipitation and streamflow time series, respectively. Monthly values are added to get the annual and seasonal precipitation to identify the precipitation trends. The interannual variation in rainfall is significant due to the effect of continental monsoon climate. The study area belongs to a typical semihumid climate, with an average annual precipitation of 766.11 mm and runoff 219.21 mm during the past 50 years. The rainfall in the hilly area was more than that in the plain area. Each year, the amount of precipitation for the period from July to September was more than 50% of the annual precipitation and produces the highest flooding in the period from July to August. Land use and land cover data of 1990, 2000, and 2010 were used in this study at a scale of 1 : 100,000. The dataset which is provided by Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences (RESDC) (http://www.resdc.cn/), was used to test the methods reported in this paper. LULC were classified into 6 classes, forestland, grassland, water body, urban land, agriculture land, and others [24] . In this area, grassland, forestland, and agriculture land are dominant land use type.
Materials and Methods

Trend Detection.
The nonparametric Mann-Kendall (MK) [25] [26] [27] test has been widely used to detect trends in hydrology and climatology [28, 29] . The MK test static ( ) of variables is calculated by
where
where and are the data values at times and and indicates the length of the dataset. While a positive value of indicates an increasing trend, negative value of indicates a decreasing trend. The following expression, as an assumption, is used for the series where the data length > 10 and data are approximately normally distributed:
where is the number of data values. After the calculation of the variance of time series data, the standard value is calculated according to the following equation:
The standard value is compared with standard normal distribution table with a two-tailed test at significance level ( = 10%, = 5%, and = 1%). If the calculated value is greater than | | > | 1− /2 |, the null hypothesis ( ) is rejected. Therefore, the trend is statistically significant. Otherwise, the null hypothesis ( ) is accepted. Therefore, the trend is not statistically significant. In this study, the 95% confidence level was used for the MK test.
Innovative Trend Detection Test.
Şen [30] divided the time series data into two equal parts and then time series drawn on Cartesian coordinates system which was independent of the trend, preassigned significance level, magnitude of the trend, sample size, and amount of variation within time series. The observed hydrological time series is divided into two equal parts from the first date to end date. The division of hydrological time series is based on the change point, which is taken as prechange and postchange time series. Both subseries are separately arranged in ascending order. The first subseries ( ) is then assigned to -axis, and the other subseries ( ) is assigned to -axis ( , it can be said that there is an increasing trend in time series [31, 32] . The scatter points above or below the 1 : 1 line indicate increasing or decreasing monotonic trends.
Change Point Test.
Pettit's test [33] is a nonparametric method to identify the occurrence of a change point. It has been commonly used to detect changes in time series data. It is rank based and distribution-free test for detecting an abrupt change in the mean of a time series when the exact time of the change is unknown. The Pettit test can be calculated from the following equation [34] :
where the maximum , corresponds to the change point year. We will use Pettit's test to determine the change point of the runoff series as a reconfirmation of the abrupt point identified by a double mass curve.
Framework for Quantifying the Impact of Climate Change and Human Activities on Runoff.
A change in observed mean annual runoff (Δ total ) may result from precipitation variability (Δ ) or land surface change (Δ ) [20] :
To quantify the impact of precipitation and land surface, we analyzed the variations in a runoff in the prechange period Advances in Meteorology 5 and postchange period. Thus, a change in average annual runoff between reference and change period is calculated as
where Δ represents the change in the runoff and 1 and 2 are average annual runoff during the prechange period and postchange period, respectively. 
A Simple Linear
where and are two parameters of the model. Based on (10), the runoff of catchment is calculated as Δ = fit − change , where fit = change + , (9)
where is the change in mean runoff due to land surface impact, fit calculated runoff during the change period, change is rainfall during the change period, and parameters and are similar to (8).
Precipitation Elasticity Method.
The precipitation elasticity method was widely used to assess the impact of precipitation and land surface change [8, 10] . The precipitation elasticity of runoff can be determined by the proportional change in runoff divided by the proportional change in precipitation. The precipitation elasticity of runoff is calculated as follows:
where and are precipitation and runoff, respectively. Sankarasubramanian et al. [35] presented a nonparametric approach. The precipitation elasticity of runoff can be expressed as
where Δ and Δ are changes of annual runoff and precipitation, respectively. The value of was estimated using observed precipitation and runoff before the change point. The change in the runoff after change point could be estimated from the precipitation data during the change period using (12) . The research framework is shown in Figure 3. 
Results
Preliminary Data Analysis.
The homogeneity of the precipitation time series was assessed by applying standard normal homogeneity test (SNHT) [36, 37] and Buishand's range (BR) test [38] at 5% significant level for each station [28] . All the precipitation series were found to be homogenous. Table 2 presents the results of homogeneity tests for For homogenous series, ≤ 9.17, /√ < 1.27, and /√ < 1.55.
all precipitation stations. Figure 4 shows long-term variations in annual precipitation ( ) and runoff ( ) of the Yihe River basin from 1961 to 2011. The basin exhibited a significant variation in the runoff, whereas the variations in precipitation appeared to be stationary.
Innovative Trend Pattern of Precipitation and Runoff.
In this study, for the stations when the serial correlation was found, trend-free prewhitening approach had been applied. attributed to trends in precipitation. However, runoff in the study area has reduced more as compared to precipitation. This fact may signify that the linear relationship between precipitation and runoff has altered during the past decades.
Change Point Analysis.
The annual precipitation-runoff double cumulative curve is normally approximate to a straight line if the basin characteristics are stable; thus, a change in the slope of the curve may indicate that the internal relations between precipitation and runoff have altered. The change point in 1985 has only been identified in runoff series. Figure 16 presents the double cumulative curve in a nearly straight line but with different gradient before and after 1985, which may indicate that the process of the runoff production has changed. To better understand the characteristics of the changes in runoff, the difference between the annual runoff during the prechange period and the annual runoff during postchange period was analyzed using different statistical tests. The significant difference between the means of prechange and postchange periods of slopes of two straight lines can be found at 95% confidence level using -test. Concurrently, using -test and -test, there are statistically significant differences between the variances of slopes of two lines at 95% confidence level. The results of two straight lines are consistent with double mass curve lines, which indicate Hence, combining the results of the change point test and double cumulative curve, the year 1985 could be the change point representing the impact of precipitation and land surface change on runoff. In this study, the double mass curve is used to identify the change point of the runoff series as a confirmation of the change point. However, the reductions were present in average monthly runoff during the postchange period (1986-2011). The greatest decline in runoff is identified in flood seasons (July, August, and September) ( Figure 17 ). The slightly increasing precipitation and consistent largely decreased runoff happen in July (Figures 14 and  15) . The reduction in runoff during 1986-2011 might be due to land surface change. Similar findings were also identified in some previous studies [21, 39] . Figure 16 shows a correlation comparison of precipitation and runoff for the two periods. The correlation between precipitation and runoff for the prechange period ( = 0.84) is stronger than that for land surface change period ( = 0.78). This result again indicates that runoff should be affected by the land surface change in this region after 1985 (Table 3) . Several researchers used the double mass curve method to verify the change point and found similar results [19, 34] . 
Impact of Precipitation and Land Surface Change on
Runoff. The precipitation elasticity of runoff was estimated using (11)- (12) to assess the impact of precipitation change on runoff. The value of is 2.61. The results indicate that a 10% decrease in precipitation would result in 26.1% decrease in runoff. According to the equation, with the calculated , it can be calculated that the 31.74 mm decrease of precipitation in 1985-2011 may lessen the runoff by 45.74 mm. Therefore, a 25.79 mm decrease in annual precipitation in the study area contributes 56.38% of the total drop in the runoff, while land surface change is responsible for 43.62% of runoff decrease (Table 4) land increases from 4.26% to 5.26%; meanwhile other uses of land type and water body also increased. During 2000-2010, the area of urban land increased from 4.57% to 5.26%, while it was only 4.2% during 1990-2000. The agriculture land decreased from 45.95% to 45.82% in the first period. Meanwhile urban land increased by 4.26% to 5.26% in the whole study period (Figures 18 and 19) . The land surface change in basin suggested that agriculture land has decreased in the 21st century, accompanied with the fast urbanization process and serious desertification. For the Dongwan basin, the precipitation elasticity and simple linear regression method provided consistent results. Similar results were found for the Chaohe River [40] . Similar results were also found in some earlier studies in another area of China [20, 21] .
Discussions
In this study, two different approaches, that is, linear regression and precipitation elasticity methods, have been used to assess the impacts of the precipitation and land surface changes on runoff. In a comparison of the two approaches, the precipitation elasticity method is relatively simple and can be easily applied to other areas, and it gives a natural runoff change with lesser data and parameters. The simple linear regression method, on the other hand, is a statistical method.
These two approaches were applied independently at the same time scale and showed highly consistent results. The main outcomes of this study agree with the finding of other studies [3, 6, 39, 41] . Yao et al. [23] found that there was an increase in land surface change after 1990 with a reduction in the runoff. Wang et al. [42] concluded that climate change was the main driving force for runoff decrease in midregion of the Yellow River. Over the decades, runoff due to human activities has continuously increased from 11% to 44%. The land surface change increased due to the start of the project "Conservation of Cropland to Forest and Grassland Program (CCFGP)," which increased the area from 0.09(10 4 hm 2 ) to 3.41(10 4 hm 2 ) from 2000 to 2009 [43] . The construction of Dragon Island National Forest Park and other tourist activities has reduced the runoff of the basin [23] .
Uncertainty arises from the assumption of the method that precipitation and land surface changes are independent of each other [22] . The precipitation variability and land surface changes are strongly related to each other and cannot be separable. The uncertainty may still exist, which overestimates or underestimates the runoff. Therefore, both methods have some uncertainty on the results to a certain extent. The further studies should be needed in the future to improve the quantitative estimation of precipitation variability and land surface impact on runoff with considering the uncertainties.
Conclusions
It is important to quantify the impacts of precipitation variability and land surface changes on runoff in the Yihe River basin. This study investigates the characteristics of changes in precipitation and runoff, during 1961-2011, in the Yihe River basin. Downward trends were found for precipitation and runoff using new method, that is, innovative trend pattern. Runoff series in the study area presented greater decline compared with the precipitation time series. An abrupt change in runoff can be found in 1985. The consistent results from precipitation elasticity and linear regression methods to quantify the impacts of precipitation variability and land surface changes in runoff were identified. Precipitation variability comprised up to 56.38 and 67.68% of the difference in annual runoff between the two periods by the two methods, that is, precipitation elasticity and linear regression, indicating that precipitation variability played main driving force in the runoff decrease. The role of land surface changes is increasing during the recent decades in runoff reduction due to the rapid growth of urbanization. The results obtained in this study would provide more evidence and useful reference for water resources planning and management in this region.
